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A METATIURGICAT, INVESTIGATION OF TWQO CONTQUR—FORGED
GAS—TURBINE DISCS OF 19-9DI. ALIOY

By J. W. Freeman, E. E. Reynolds, and A, E. White
SUMMARY

Tt hes been found that the properties of heat—resisting alloys are
dependent to a large extent on the conditions of fabrication. Bscause
the large size of certain gas—turbine rotors has' introduced fabrication
procedures for which information is not avallasble, a research program
was begun at the University of Michigan to ascertain the properties of
the better alloys in the form of large forglngs.

On the basis of prior Investigations of bar stock and a cheess
forging, 19-9DL alloy was thought to have sultable properties for the
discs for the rotors of gas turbines for Jet engines. Arrangements were
made to have a seriles of such discs forged by The Canton Drop Forging
and Manufacturing Company. Two of these discs, differing in that one
was hot—cold—worked at 1650° F and the other at 1250° F, were cut up for
experimental purposes. One—quarter of each disc was supplied to the
University of Michigen for investigation for the NACA., The principal
obJjects of this investigation were to determine the level of properties”
developed in large contour forgings of 19-9DL alloy, to evaluste the
effect of the temperature of hot—cold—work in these large forgings, and
to show the degree to which the properties of bar stock could be repro—
duced in large forgings. -

Analysis of data indicated that when processed under similar condi-—
tions the properties of 19-9DL bar stock are reproduced quite well in
the large forgings. The relative properties of the discs of 19-9DL and
discae of other alloys depended on the heat treatment and hot—cold—work
during forging as well as on chemical composition,

INTRODUCTION

Alloy 19-9DL is one of the lower alloyed materials which has been
developed for high—tempsrature service. Properties obtained from bar
stock and a large cheese forging have indicated that the alloy was
suitable for rotors for the gas turbines of Jet engines for aircraft.
(See reference 1.) For this reason large contour rotor forglngs for a
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Jet engine were manufactured for experimental purposes at The Canton
Drop Forging and Manufacturing Company.

Prior experience with the alloy, and with other similar alloys, had
shown that 1ts properties depend to & large extent on the processing con—
ditions and heat—treating history during fabrication, For this reason
one forging wase prepared with hot—cold-work at 1250° ¥ and another with
hot—cold~work at 1650° F, Sections of discs with both types of fabrica—
tion were submitted for study at the University of Michigan for the NACA,
The principal obJects of this investigation were to determine the level
of properties developed in large contour forgings of 19-9DL alloy, to
evaluate the effect of the temperature of hot—cold—work in these large
forgings, and to show the degree to which the properties of bar stock
could be reproduced in large forgings,

The investigation was limited to room temperasture and 1200° F
These are the two temperatures &t which properties of materials have
been considersd indicative of the performances of rotor disces in current-
Jet engines, Satisfactory room—temperature properties are needed to
wlthetand the high stresses existing at low temperaturses near the hub,
Good properties at 1200° F are believed to be a necessary requirement
of material near the rim of the discs.

The discs were forged by The Canton Drop Forging and Manufacturing
Company. The U, S. Air Forces, Air Materiel Command at Wright Field, in
cooperation with the Universal-Cyclops Steel Corporation and the General
Electric Company, arranged to furnish the test discs.

These large contour discs of 19-9DL alloy are part of a serles of
dlsce of verious alloys which are being studied. The results ocbtained
from investigations on large discs of 19~9DL, CSA, low—carbon N—155,
Timken alloys are given in references 1 to 5,

This work was conducted at the University of Michigan under the

gponsorship and with the financial assistance of the National Advisory
Committee for Aeronautics.

DESCRIPTION OF DISCS
Information concerning the two discs of 19-9DL elloy is summerized
ag followa:

Steel producer:

The Universal—Cyclops Steel Corporation, Bridgeville,
Penngylvanis



Disgc manufacturer:

The Canton Drop Forging and Mamufacturing Company, Canton,
Chio

Chemical composition:
Both discs were produced.from heat B—11728. The chemical

composition was reported to be the following percentages by
the Universal—Cyclops Steel Corporation:

c Mo Si 2 S Cr N M ¥ Ch

0.29 1l.12 0.69 0,018 0,010 19.23 9.03 1.27 1.58 0.38
Fabrication procedure:

The following information, concerned with fabrication of the
two discs, was supplied by the manufacturers. Both discs were
fabricated the same way with the exception of the temperature of
hot—cold—working given in item (9) in the following:

(1) 24,000-pound basic electric—arc heat

(2) 15%- by 15-32'-1nch, 2600—pound ingot with flat sides

(3) 8%- by 8L-inch, 350-pound sluge were used for the indi—
2 2 ’
vidual discs

(k) 2100° F for II% hours; 18 blows with 25,000-pound hemmer;
bottle—die working; air—cooled

(5) 2100° F for 14 hours; 9 blows with 35,000—pound hammer;
first blocker; air—cooled

(6) 2100° F for 6% hours; 14 blows with 35,000—pound hammer;
gecond blocker; alr—cooled

(7) Flash machined off and spot ground after bottle—die and
gecond—block operations

(8) Solution treatment: 2150° F for 2 hours; quenched in warm
water

NACA TN No. 1532 3.
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(9) Hot—cold—work:

Disc EXChh: 1250° F for 8 hours; 1k blows with 35,000-pound
hamrer

Disc EXCL6: 1700° F for 3 hours; dropped to 1650° F for
3/4 hour; 22 blows with 35,000-pound hemmer

(10) Stress—relief amneal: 1200° F for 10 hours; air—cooled

The shape of the contour forgings is shown in figures 1 and 2. The
dlscs were approximately 20 inches in dlameter and weighed approximately
325 pounds. The size of the quarter sections tested at the University
of Michigan is shown in figure 3.

EXPERTMENTAT, PROCEDURE

The forgings were made at The Canton Drop Forging end Manufacturing

Company uvnder carefully controlled and recorded production conditions.

Two of the discs prepared, EXChY and EXCU6, were cut in half. The Canton
Drop Forging and Manufacturing Company conducted physical tests on the
center of each disc. Approximately one-helf of each disc was sent to

the General Electric Company where similar teste were conducted. Approxi—
mately one—quarter of each disc was supplied to the Universlty of Michigan
for the NACA program., The other quarters were sent to the Unlversal—
Cyclops Steel Corporation., Data reported by other leboratories have bheen
included in this report. (See figs. 1 and 2 and table I,)

The following testing program for the one—quarter sections furnished
the University of Michigan was decided upon:

(1) Tensile tests at room temperature and 1200° F
(2) Rupture tests at 1200° F

(3) Creep tests of 1000-hour duration at 1200° F under stresses of
20,000, 25,000, and 30,000 psi

(4) Hardness, temsile, and rupture tests to show the uniformity of
the disc material

(5) Stability tests on the specimens after testing

The major emphasis was placed on the properties of radial specimens
from near the rims of the discs because the rim is heated to the highest
temperatures during service. Data for stress and time for total deforma—
tion were obtained from the elongation curves from the rupture and creep
tests. Stability characteristics were estimated by hardness, tensile,
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and impact tests and by metallographic examination on the specimens after
creep and rupture testing. :

The test specimens were obtalned from coupons cut from the discs
according to the diagram of figure 3. This drawing shows the location
of the specimens and an identlifying code. In the code the letters W, X,
Y, and Z refer to the locations of the coupons with respect to the faces
of the discs. Tensile and creep tests wers conducted on standard .
0.505—inchk—-diameter specimens. Tensile tests from the center portion of
the discs wers on 0.250-inch-diamster specimens because the shape of the
disc sgection supplied for testing limited the amount of material available
in this location. The specimens far rupture tests were of 0.,160—inch
diameter and were obtained from locations in the large coupons as indi-—
cated by the dashed llnes in the drawing of figure 3.

RESULTS

Hardness Surveys

The disc which had been hot—cold—worked at 1250° F, EXChL, was
higher in hardness than disc EXCAK6, which had been hot-—cold—worked at
1650° F, (See figs. 4 and 5 and table II.) Disc EXChLL had a Brinell
hardness range of 212 to 287, although most of the hardness values were
from 230 to 260. The principal Brinell hardness range for disc EXCL6
was 205 to 220, In general the hardness of the discs was higher near
the center than near the rim. They also were harder near the two flat
surfaces than Iin the interior. These hardness differences, however,
were not so pronounced in EXCh6 as in EXChL,

Short—-Time Tensile Properties

The tensile properties at room temperature and 1200° F are summa—
rized in table IT, :

The tensile and yield strengths of the disc hot—cold—worked at
1250° F were higher at both room temperature and 1200° ¥ than those of
disc hot—cold~worked at 1650° F. The 0,02-percent—offset yield strength
for EXCLY averaged approximately 70,500 psi while the corresponding
strength for EXCL6 was 39,000 psi, At 1200° F the 0.2—percent—offset
yield gﬁzength was approximately 66,000 psi for EXChk and 43,000 psi
for EX . '

The ductility of disc EXChY was lower than that of EXC4E. At room
temperature the elongations of radial specimens from the rims of EXCLL
and EXCL6 were approximately 26 and 34 percent, respectively, and at
1200° F the elongations were 13 and 29 percent, respectively. The disc
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hot—cold—worked at 1650° F @id not show the marked drop in ductility
exhibited by the disc worked at 1250° ¥ when tested at 1200° F,

The properties of specimens from various locations in the dlscs
were quite uniform, The only indication of & marked dlfference between
locations was the lower ductility of center specimens end of tangential
specimens from the surface near the rim of the disc worked at 1250° F,

Ruptﬁre Test Characteristics

The rupture test data obtained at 1200° F are given in table III,
These data asre plotted on double-logarithmic coordinates to give the
curves of stress against rupture time in figure 6. The rupture strengths
for definite time periods, indicated by figure 6, are included in table III
together with the estimated ductilities to fracture. The rupture strengths
of disc EXChY, which had been hot—cold~worked at 1250° F, were 47,000
and 38,500 psi for rupture in 100 and 1000 hours. Corresponding strengths
for disc EXCLE, which had been hot—cold—worked at 1650° F, were 36,500
and 32,000 psi. The ductility to rupture of disc EXCh4 was very low,
being only 1 to 3 percent for fracture in time periods of 100 to
1000 hours. The comparative ductility of EXCL6 ranged from about 20 to
14 percent.

Rupture specimens from various locations in the discs were tested
for uniformity at stresses which were expected to cause fracture in
approximately 100 hours. The radial specimens from the center of the
disce near the rim all ruptured in shorter time periods than the speci—
mens from the four other locations listed Iin table ITITI. The longest
life was obtained from tangential specimens taken near the surface and
rim. These tangentisl specimens lasted 534 and 463 hours for disce EXChh
and EXCL6, respectively, as compared with a 100-hour life for center—
plene radial specimens near the rim, Rupture test ductllities of the
specimens from the four locations were as good as or better than the
ductilities on center—plene radial specimens with the exception of the
center—plene tangential specimen of disc EXCh6 which had very low
ductility.

T4me-Deformation Characteristics

Curves of streses against the logarithm of the time required for
total deformations of 0.2, 0.5, and 1 percent at 1200° F for the two
discs are shown in figures 7 and 8. Curves for rupture time and for the
transition to third—stage creep have been added in order to describe
completely the deformation characteristlics of the two discs. The data
for these figures, summarized in table IV, were taken from the time—
elongation curves obtained during the creep and rupture tests.

The stresses used in the creep tests were too high to provide suffi-—
cient data for a curve for O.l—percent total deformation. Table IV
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includes the data for 2- and S5-percent total deformation for disc EXCL6,
These higher deformation values were not cbtalned for disc EXChL because
the total deformations of the speclmens were less than 2 percent,

In general the disc hot—cold—worked at 1250° F required a higher
stress for a given deformation and time period than the disc worked at .
1650° F, The difference between the two disce decreased with time, and
there wag less difference the smaller the totel deformation., The stresses
to cause various total deformations in 1, 10, 100, 1000, and 2000 hours,
as defined by the curves of figures 7 and 8, are summarized and compared
in table V.

‘Creep Strengths

Data teken from the time-elongation curves for creep tests including
total deformation in 100, 500, and 1000 hours and creep rates at 500 and
1000 hours are shown in table VI, The creep rates at 1000 hours were the
minimm rates obtained from the tests with the exceptlion of the test at
30,000 psi on disc EXCL6, which entered third—stage creep before 1000 hours
had elapsed. Mnimm creep rates from both the creep and rupture tests
ere plotted against stress on double—~logarithmic coordinates in flgure 9,
The creep strengths obtained from the curves of figure 9 are as follows:

Stress (psi) for creep rates of —
Disc :
0.0001 percent/hr 0.00001 percent /hr
EXCLL 34,500 16,000
EXCh6 27,000 815,000
8Fetimated.

The creep strengbths also show that the superiority of the disc cold—
worked at 1250° F decreases with time and with the rate of defarmation.

Extrapolation of the transition curves of figures 7 and 8 indicates
that increasing creep rates ere to be expscted on both disc materials at
about 2000 or 3000 hours under stresses corresgponding to the creep
strengths for g rate of 0,0001 percent per hour. This means that it
would not be safe to use these creep strengths as a basis for design for
longer time periods than 2000 or 3000 hours., The creep strengths for a
rate of 0,00001 percent per hour, however, probably can be used safely
Pfor mich longer time periods.
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Stability Cheracteristics

Very little change in tensile, impact, and hardness properties at
room temperature occurred as a result of creep testing at 1200° F as is
shown by the test deta in table VII. The original materials were quite
responsive to e magnet but responded very little after creep testing at
1200° F,

Photomicrographs of the original meterial and completed—creep— and
rupture—test specimens are shown in figures 10 to 13, The grain size of .
both discs was 5 to 6, and there was no apprecigble difference between
the centers and rims, Some of the specimens examined, however, had
gomewhat larger grain sizes, There were numerous grains which appeared
to have a eutectlc type of structure. In bar stock these are usually
broken up into stringers of excess constlituents. In the disc cold—
worked at 1650° F, EXCL6, these grains of excess constituents were much
larger in the center than at the rim,

Some precipitation of fine particles occurred in the structure of
both discs during creep and rupture testing at 1200° ¥, More of this
precipitation seemed to appsar in the rupture specimens than in the
creep specimens, There was remarkebly little differemce in structure
between the sgpecimens from the two discs in spite of the difference in
gtrength and wide difference in ductility, The grains in rupture speci-
mens from disc EXCL6 were, of course, elongated in accordance with the
high ductility of this disc, while those from disc EXCU4 showed no
distortion in accordance with the low elongation to fracture.

On the basis of physical properties after testing the indications
of structural instebility were slight, Tt 1s possible that the low
ductility of disc EXChh in the rupture test—was due to a structural
change during testing. The grains of excess constituents were probably
ferrite with precipitated carbides. The disappearsnce of magnetism
after testing at 1200° F suggests that the ferrite was transformed to
slgme phage without-an appreciable effect on properties.

Data from Teats in Other Laboratories

Sections from both dlscs were examined for room—temperature hardness
and tensile properties by The Canton Drop Forging and Manufacturing
Company and by the Generel Electric Company. The data reported are
summerized in table I and figures 1 and 2. In general these results
agreed. very well with those given Iin this report. They have an added
advantage in that specimens from very near the center could be tested to
show ductility.

The tests by these two companies show that there are soft spots
near the stub shaft and near the pilot hub. In disc EXChL where most of
the Brinell hardness values ranged fram 250 to 270 the hardness at the
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soft spots fell to about 210 and 200, In disc EXCLE the moft spots had
hardness values as low as 179, while other parts of the disc ranged
from 207 to 229.

The ductility of the tensile specimens from the center of the discs
was mich lower than the radial specimens near the rim. In EXChlL, the
disc which was hot—cold—worked at 1250° F, specimens teken in the
vicinity of the soft spots had elongations as low as 3.5 percent as
compared with 20 to 30 percent in other locations in the disc. Soft—
spot specimens in disc EXCL6, which was hot—cold—worked at 1650° F, had
as low as 5,5-percent elongation as compared with 33 to 38 percent in
other locations.

DISCUSSION OF RESULTS

A1l the data show that the disc EXChh, which was hot—cold—worked
at 1250° F, had higher strength than the disc EXCh6, which was hot—cold—
worked at l650° F, The higher rupture strength of EXCh: was accompanied
by low ductility In the rupbture test. These findings are in general
agreement with the results to be expected for the two processing pro—
cedures. Hot—cold—work at temperatures as high as 1650° F does not
produce nearly so high physical properties at room temperature or 1200° F
as does hot—cold-work at temperatures below 1500° F. Hot—cold—work at
these lower temperatures after a solutlion—treatment is accompanied by
low ductility in the rupture test.

Quite good uniformity of propertlies was shown by the hardness and
tensglle data, except for the regions of low hardness, strength, and
ductility in the center of the discs. This is a trouble inherent to
portions of the forging where the metal is not properly worked during
the upsetting operation necessary in the manufacture of such discs. The
contour—forging process approaches the maximum possible uniformity of
working of the metal, dbut it is very difficult to develop a suitable
procedure that will properly forge certain areas in the centers of the
discs.

The rupbure strengths appear to be a minimmm for specimens taken
radially from the center of the discs near the rim, The rupture and
creep strengths reported are based on such specimens and are therefore
probably conservative.

Rupture specimens from the soft spots in the center of the disc
could not be obtained from the quarter section supplied. It is possible
that these would have had inferior rupture strength, This is not critical
in engines which operate with a cool center.

Extrapolation of the curves of stress against rupture time, time for
total deformation, and cresp rate suggests that the properties of the
disc which was hot—cold—worked at 1650° F would be equal to those of the
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disc which was hot—cold—worked at 1250° F at time periods of about

10,000 hours. The difference in.slope of these curves is probably the
result of the difference in structural stabllity of the materials. The
particular gtructure developed by hot—cold—work at 1250° F is, presumably,
less stable than that developed by working at 1650° F,

Properties developed in 19-9DL discs by forging alone are dependent
on the heat treatments during heating for forging, the rate of reduction
during cooling, and the finishing temperature. In the as—forged condi-—
tion, therefore, a wide range in properties is theoretically possible.

A large cheege farglng of 19-9DL previously investigated had properties
quite similar to the contour disc worked at 1650° F, (See table VIII.)
The contour disc worked at 1250° F had much higher properties, except
for low rupture test ductility. A lower finishing temperature or a dif—
ferent rate of reduction with temperature could have changed the com—
parison, as 1s Indicated by the bar—stock data in table IX.

High ductility in the rupbure test seems to be characteristic of
the as—forged condition. Apparently the working of ithe metal at the
higher temperatures produces the structure necessary for good elongeation
at prolonged fracture time periods. Judging from the bar-—stock data, a
properly controlled forging operation alone could produce a better com-
bination of strength and rupture test ductility than the usual separate
hot—cold—working operation.

Dgte are not available for discs solutlon—trested and free from
cold—work. The bar—stock data in table IX suggest that such discs would
have high strength for low rates of deformetion and long time periods
at 1200° ¥, Tensile strengths would be low. The ductility in the
rupturs test would be fairly good.

The information available concerning the contour forgings reported
herein does not permit an estimation of ths degree of reduction during
hot~cold—working, In general, however, the data indicate that the
properties of bar stock are reproduced fairly well in large forgings
when the processing procedures and heat itreatments are similar. The
gtrength of the discs at high temperatures tends to be somewhat lower,
probably because it 1s not possible exactly to duplicate conditions of
bar stock in large forgings. Insofar as 1s yet known, the hot~cold— )
working and heat treatment have such pronounced effect on properties by
developing a size and dispersion of precipitated particles favorable to
high—temperature strength. Strain hardening from hot—cold—work is
probably an added important influence.

The data for large forgings of other alloys included in table IX
from references 2, 3, and 4 show that any comparisons between discs made
from different alloys must consider the processing procedure used in
their manufacture as well as the chemical composition. The 19-9DL disc
hot—cold—worked at 1250° F had lower tensile properties but higher
rupture strengths than the contour discs of Timken alloy. Both
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19-9DI. discs were superior to a disc of hot—forged CSA alloy but were
inferior to a disc of low—carbod N—155 glloy. The comparisons would
probably changs for any of the alloys if the discs were produced under
different conditions.

In appraising the data presented in this report, consideration
should be given to two factors. The degree of reproducibility of the
properties quoted will depend on the control exercised in production.
Both higher and lower properties are possible if the processing condi-—
tions are allowed to vary. In additiom, all the comparisons and analyses
have been based on properties at room temperature and 1200° F., The
effect of processing conditions on properties changes with temperature,
and in particular hot—cold—worked materiasls rapidly lose their superi-—
ority as the service temperature is increased above 1200° F even for
time periods less than 1000 hours.

CONCLUSIONS

From a study of the properties at room temperature and 1200° F of
two large contour—forged discs of 19-9DL alloy the following conclusions
were mede:

1. A solution treatment followed by hot—cold—work at 1250° F pro—
duced a higher level of properties in a large contour rotor forging than
when the hobt~cold—work was done at 1650° F except for lower ductility.

2. Extrapolation of the data predicts that for time periods longer
than approximately 10,000 hours the disc which was hot—cold—worked at
1650° F would have properties equal to thoese of the disc which was hot—
cold—warked at 12500 F,

3. Considering their sizs, the contour-—forged discs had excellent
uniformity. The discs did, however, have soft spots at the center with
relatively low hardness, room—temperature sirength, and ductility char—
acteristic of this type of forging. The rupture and creep data reported
are probably conservative because they were obtalned from radial speci—
mens at the rim which apparently have the lowest strength in the discs.

4., The properties of large discs are quite similar to bar stock
when both are heat—treated and hot—cold—worked in a similar manner,

5. Discs made from various alloys cannot be compared on the basis

of composition alone. Relative properties vary, depending on the pro—
duction procedure,

University of Michigan

Ann Arbor, Mich., March 10, 1947 .
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TABIE I

PHYSICAL PROFERTIES REPCRTED BY THE CANTON IROP FORGING AND

MANUFACTURING COMPANY ON CONTOUR DISCS OF 19-9ODL ATIOY

Disc EXClk
(Solution—-treated; hot—cold—worked at 1250° F)

Becticnal PBrinell herdness

Principal range 255285
Maximum reading 302
Soft spot at center near stub shaft 217229
Soft spot at center near pilot hub 202207
Roam—temperature tensile properties
Tengile Yield Reductlon
" Bpecimen location strength int %la;z;é?n of area
(psi Trat) e (percent)
Central, horizontel, .
near stub shaft 100,000 89,500 ' 8.5
Central, harizontal 117,500 96,500 9.5 k.2
Central, horizonbal,
near pilct hub 101,500 72,500 19.5 26.2
Disec EXChE
(Solution—treated; hot—cold—sorked at 1650° F)
\
Sectional Erinell herdness
Principal range 207229
Maxlmm reading 235
Soft spot at center neer stub shaft 192-197
Soft spot at center neer gilot b 179187
Room—temperature tensile properties
Tensile Yield Reductlon
Specimen locatlion strength olnt %logg:zﬁn of area
(psi %psi) e (percent)
Central, horizomtal,
nesr stub shaft 86,000 60,000 12,5 18.5
Central, horizontel 97,600 66,200 k.5 20.%
Central, horizontel,
nesr pilot hub 83,000 59,000 8.5 ik.9

13



TARLE II

SHORR-TTHE TENSTLE PROPERTIES OF CONTOUR DICS QF 1G-9DL ATIOY

Ofteet yleld str h Propar—
s Spooimen mmn Tompera— | Tensils (pai) eogt: tlomal Eligngaﬁm Beductlon | oo, 000y
e Taber tlan 'ho@?o a-l:ren?-hh 11mit ( . of aree hardnsss
(a) ) (pat 0.02 percent | 0.1 pevcent | 0.2 peroeat | (pet) | (Pewoemt) | (percent)}
XXCHh 3 CRR Room 118,250 70,000 85,500 91,000 7,500 2.5 3,2 252
(Hot-o0ld- &Y CHB Roo | 119,375 67,500 83,500 8,500 k5,000 26.5 35.6 253
worked gt 3x SER Rooe 118,500 2,000 85,000 90,000 57,500 28,0 L6, k6
1250° ¥) 6% S8ER Room | 122,125 72,500 87,000 91,500 57,500 26,5 ko7 253
9Y CTR Room 115,000 58,000 81,000 R 50,000 29.0 36.9 236
bgiu- BTH Room 122,000 ‘72,000 84,500 91,500 ,500 12,5 22,3 228
1 CRO Rom 128,100 72,200 91,000 , ,900 %9.0 19.7 —
baxc CRC Roo | 116,000 65,600 84,000 2,900 It Boo ©10.0 13.8 -
ky CRR 1200 75,000 | ~---—- 61,000 6,800 32,500 13.0 26.1 —--
hx BRR- 1200 7,900 | oeeee- 62,000 66,500 22,500 1k.5 25.3 -—-
3% SBR 1200 73,500 | - el Bt B 12.5 28.4 ---
92 8TR 1200 T3 | - 63,000 67,000 37,500 a.5 1h.4 -
L
]
EXCh6 3 CRR Room | 102,250 32,000 50,000 56,750 12,500 5 9.4 203
{Hot—oald- 6Y CRR Roost 100, 750 ,500 51,000 ,500 25,000 31.0 37.8 212
worked at i 4 8RR Roos, | 102,500 39,000 53,000 58,250 20,000 37.0 k2.8 200
1650° ¥) 6% SRR Roow | 10k,500 hy,000 56, ,500 35,000 #.5 k7.7 215
oY CTR Roon. 104,750 0,500 53,000 57,000 17,500 32,0 k.6 207
9% o] Room 109,750 , 000 59,000 63,500 27,500 33.0 b0 223
Baxe-, CRC Room | 106, 18,900 59,000 63,500 28,500 ©35.0 3.5
baxe o CaC Boew | 106,500 18,500 59,000 63,100 28,500 9.0 2.5 ———
kY CHR 1200 57,000 | ~mee-- 39,000 k1,800 25,000 £29.0 k6.3 -
3z SRR 1200 5,750 | ~=---- \ 1,500 bk, 000 20,000 31.0 53.2 -

4CRR oentor—plans redisl apecimen near win of dise.

SRR surfape-plans radial speoimsn near rim of disc.

CTR center—plens tangential apecimen neer rim of disc.

SR smrface-nlans tangential specimesn near rim of disc,

CRC center—plans radisl specimen nsar cepbter of digc,

bEpecimens from center of disc were 0.250-in, in dimmetar with a 1-in, reduced ssctiom,
CElongation, percent in 1 in,
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NACA TN No. 1532

TARLE ITT

RUPTURE TEST CHARACTERISTICS AT 1200° ¥ OF CONTOUR DISCS OF 19-9DL ATIOY

Specimsn Rupture Elongation Reduction
Disc SP°°1§§n location ?;'Ia'g‘)“’ time in 1 1in, of area
o (a) (ar) (percent) (percent)
mXChl i'Y CRR 50,000 35 3.5 2.3
(Hot—cold~— 1y CRR 45,000 186 2 2.3
worked at 3Y CRR 40,000 764 2 3.0
1250° F) 3Y CRR 37,500 1025 1 2.5
Ly CRR 36,000 1864 1 5.1
47 8RR k7,000 517 > 2.3
9Y CTR 47,000 %05 3 2.6
9% STR k7,000 534 2 5.0
. 8Y-C CRC k7,000 215 3 3.7
EXCLE 3Y CER 40,000 31.5 25 57.8
(Hot—cold— 3Y CRR 37,500 48 17 18,0 -~
worked at 3Y CRR 36,500 69 23 51.0
1650° F) 3Y CRR 35,000 661 19 40,8
ky CRR 3k ,000 72 20 k9.6
1Y CRR 32,500 0 1) k3.7
8z SRR 36,500 322 23 k3.2
9Y CTR 36,500 i85 2 2.3
9x STR 36,500 463 20 k6.0
8¢ CRC 36,500 276 19 k7.4
Rupture strength
Spec;.msn Stress (psi) for rupture in —
Disc locatlion
(a) 10 hr 100 hr 1000 hr 2000 hr
EXChhL CRR b5y 0 47,000 38,500 35,500
EXCL6 CRR P10 36,500 32,000 b31,000
Rupture ductility
Specimen Estimated zevioiguizioii Spercent) to
bisc location Pt .
' (2) 10 hr 100 hr 1000 hr 2000 hr
EXChlL CRR y 3 1 1
EXch6 CRR 25 20 1k -

8CRR center-plane radisl specimen neer rim of disc.

SRR surface—plane radial specimen near rim of disc,

CIR center-plane tangentisl specimen neer rim of disc.
STR surface—plane tangentisl specimen near rim of disc.
CRC center—plane radlal specimen near center of disc,

DObtained by extrapolation.




TAELE IV

TATA (M BTHES3 AND TTHE FOR TOTAL IEFORMATION AT 1200° F FOR CONTOCR DISCS (F 15-90L ATLOY

Trensition to
Tiws (Ar) for total deformabi af ~
Dise Specimen | Stress d.aihiﬂ;ll (&x) an third-gtage oreep
mmber | (pel) (pqrnnmt()n - My | Deformetion
0,1 percsmt | 0.2 peroent | 0,5 paroent | 1 percent | 2 percent | 5 peroent {tr) | {parcent)
EThk r | 20,000 0.099 1 23700 - r - .- — — —-
{Hot—oold—
vl at ix 25,000 .13k - k9o - - ——— — —— ——
12500 ¥)
12 30,000 J60 - 18 .= - —— — J— —-
| 36,000 175 - B2 00 --- - - 1850{ 0.90
;| 37,50 19 - L1 k20 - -— - 990 .70
3 | #0000 .20 - - 36 520 - - 3| 1.05
1Y [ 5,000 .13 - ——— 1 120 ——- e 20| 1,00
¥ 50,000 27 - —— — — —rn - m—— ——
XS w, |e,00] .o f 21600
{Bot—cold—
warked ab x  ]25,000 187 - 132 - - - - B -
1650° ¥)
12 30,000 167 - 1 &5 -— — —— 760 58
i  |3e,500 A5 - 3 13 5e 520 T2 500 (2,65
5y 34,000 .20 - —— 2 19 h 30k wo| o5
r 35,000 -2 - - === 3 257 531 225 1.8
3 36,300 23 - ——-- = 1 18 LT n——— ———
kA4 37,5“’ 23 - —— —— — 1112 'haﬁ ——— ——
3 0| .32 - — - - by 15T N [P p—

20btainsd by extrapolation from oreap curvs,
bEytinated from rupture ourve.
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TAELE V

TIME-DEFORMATION STRENGTHS AT 1200° F OF CONTOUR DISCS OF 19-GDL ALLOY

Total Stress (psi) to canse totel deformation in —
Diso deformatlon
(percent) 1 hr 10 hr 100 hr 1000 hr 2000 hr
EXCh) 0.2 38,000 33,000 28,400 23,500 820,000
(Hot—oold~warked
at 1250° )
5 k5,000 41,800 38,700 35,800 | @ eeeee
1.0 | emmmee | mmmeee k5,500 38,000 | ------
Prangition | ====-- | emme-- L6€,000 38,000 | ------
EXCh6 0.2 31,000 28,000 25,000 21,500 820,500
(Hot—cold—~srorked
at 1650° F)
-5 34,500 32,900 31,200 29,800 | -m----
1.0 36,300 34,600 32,800 | mmmeme | mmeme-
Transition | ~-=--- | -~---- 36,000 30,300 | @ ------
*Estimated.
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TARLE VI

CREEP TEST DATA AT 1200° P FOR CONTOUR DISCS OF 19-9DL ALLOY

81

Creep test Totel dofcramtion Creep rat
ond 1t Initlal p rve
Dise ° o deformatic)m (porcent) at — (percent/hr ) 8t -
Stress Duration (percent
(ps1) (hr) 100 hr | 500 kr | 1000 hr 500 hr 1000 hr
EXCh4 20,000 1006 0.099 0.125 0,150 0.164 0.000030 | 0,000016
(Hot—cold—
worked at
1250° ¥) 25,000 1005 13k 170 .200 221 000050 | ,000025
‘ 30,000 1129 160 .233 .280 .305 .000075 .000035
EXCU6 20,000 1006 091 .128 .158 .180 . 000045 .000030
(Hot—cold—
worked at
1650° F) 25,000 1006 JA27 .193 242 .282 000085 , 000070
30,000 112k 167 .328 50 .600 .000270 . 000340

26687 "ON NI VOVN




TARLE VII

EFFECTOFCREEPTETEGATEMOFONTEEROOM-MATUREPEIBICALMOPKRTES0FGON‘1‘OURDIBCSO.?19—9DLAII.UY

Regldual room-temperaturs properties

Prior o
testing Offaet Tzod
Dlac ?:;;mn conditians Tensile yleld strength Propartional | Elongation | Reduction impact Tick
| Stress | Time | Strenath (pei) limit .in2in, | of area | gtrength |, ioer®
(pet) | (me)| (P82) (pe1) (percent) | (pevcent) | (£t-1b)
P ’ 0.02 percent | 0,1 percent | 0.2 percent (a)
EXChk (v) (o) | (e) | 119,600 70,500 85,300 90,500 51,900 26 39 20, 20 | Gahaphy
(Hot—cold— . %260
worked at
12500 T)
17 30,000 | 1129 =~=memm | cmmene | ceen | e | emeaea S c——- 28, 33 290
1x 25,000 | 1005| 127,250 60,000 78,000 86,000 25,000 2.5 b3, 1 | ~emee- ——-
1Y 20,000 | 1006| 124,000 66,000 81,000 86,200 35,000 21.5 27.2 | —eem-- —
EXChE (v) (e} | (o) | 202,500 39,000 52,500 58,000 23,100 3h ko 27, 29 |[d210-216
(Hot—cold— ®po7
vorked at
1650° F)
of 12 [30,000] 1Bh| seeemwm | mmmmee ) e | e | e -=n- -enn 31, 33 206
x 25,000 1006] 103,750 k2,000 52,000 58,000 25,000 29.3 37,2 | =neee- -
A 20,000 | 1006| 104,000 k2,000 54,000 58,800 - 27,500 28.0 251 | ------ ---

3 Tupact-apecimen size:

Center rim,
®Canter,

0.365-In. amguare with a 0,050-in.-deep V-notch,
Average of tests on center and surface specimens at rim of disc,
"Soriginal copditicn,

G€GT "ON NI VOVN
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TAELE VIII

NACA TN No. 1532

OCMPARATIVE PROPERTIES OF THREE LARGE DISCS OF 19-9DL ALLOY

20-inch-diamster
Type farging Contour dimc EXCh: Contour disc EXCLE choes? gorging
2
Heat number B1728 F11.728 BLO429
Chemical composition, percent:
c 0.29 0.29 0.33
Mn 1.12 1l.12 1.1k
B 0.69 0,69 0,65
Cr 19.23 19,23 19.10
BL 9.03 9.03 9.05
Mo 1.27 1.27 1.35
w 1.58 1.58 1.1k
Ob 0,38 0,38 0.35
T4 0.43 0.43 0.16

Fabricaticn

Hot—farged; 2150° ¥
2 hr, water—quenched;
hot—cold—wrorked

at 1250° F;

1200° F, air—cooled.

Hot—forged; 2150° F,
2 hr, water—quenched;
hot~cold-worked

at 1650° F;

1200° F, air—cooled.

Hot—forged to 16k0° Fs
1200° ¥, air—cocled,

Brinell herdness boygon3 b200-223 b202-208
Room~temperature tensile properties:
Tensile strength, psi 1’%_1 ,600 b302,500 byox, 700
0,02-percent—offset yleld strength, psi 70,500 b39,000 b39,275
0.1-percent—offset yield etrength, psi bgs, 250 b5, 500 550,500
0,2-percent~cffset yield estrength, psi b90,ggg 'b58,000 5700
Elongation, percent in 2 in, bay b30,2
Reduction of area, percent P3g.1 bh .9 30,7
Tensile properties at 1200° F:
Tensile strength, psi 75,300 s 57,875
0.2-percent—offaet yleld strength, psi 65,650 42,900 37,900
Elongation, percent in 2 in, 13. 30 34,0
Reduotion of ares, percent 26, 49.8 L7.%
Rupture characteristics at 1200° F:
100 rupture strength, psi . 47,000 36,500 40,000
100-hr rupture elongation, percent in 1 in, 3 20 27
1000-hr rupture strength, pst 38,500 32,000 34,000
1000-hr rupture elongetion, percent in 1 im, 1 1 16
Time-deformation strengths at 1200° ¥, pei:
0.1 percent in 10 hr 16,000
0.1 percent in 100 hr 14,000
0.1 peroent in 1000 hr 12,000
0.2 percent in 10 hr 33,000 24,000
0.2 percent in 100 hr 28,k00 21,000
0.2 percent in 1000 hr 23,500 17,000
0,5 percent in 10 hr 41,800 29,000
0,5 percent in 100 hr 38,700 , 000
0.5 percent in 1000 hr 35,800 29, 23,500
lpercent In 100 | ee;ea-- 34,600 32,500
1 percent in 100 hr k5,500 32,800 29,000
1. percent in 1000 hr 38000 | 0 eeee-- 26,000
Transition in 100 hr 46,000 36,000 39,000
Trangition in 1000 hr . 38,000 30,300 33,000
Creap strengthe at 1200° ¥, psi:
0,0000L percent 16,000 15,000 11,000
0.000 percent 34,500 27,000 25,000

SDzta from reference 1.
bAverage values for radial specimens.
CEptimated.




TANLE IX

COMPARATIVE PROTERTIRG (F DIBCS AND BAR STO0K (F' 10-OTL ALLOY AND DISC3 OF 08A, LOW-OHBOW F-175, AND TTMEEN ALLOYS

Frocossing wm(ﬁnﬂm propartics operties at 1200° ¥ far —
Fanal P
Zype matorial Heat Heat treatwsnt @-oﬂﬂ-mk traninach - 100 e 1000 ko
b Tanalle (vel) ¥logatian | Brinell " p—
’mmmmmmmm'mﬁ“ (povoont) | hardnses snwthnmmﬂhwghh o
}%‘,‘g () | (2) ?&ﬁ (peroeat) i"‘.;‘;? ()| %) 008 peroeut ] 0.2 perosat (cat) | (parcest) | (i) | (pacoent)
Contowr diso XXokk| m1728 | 150 2 v.a 1050 (3) 1200 10 | 119,600 70,500 90,500 25 eh6-pm3 | by,000 3 38,500 1
Comtour dimo XIMG| BLITRB | P50 | & | w.a. 1650 ) 1200 | 10 | 102,500 %,000 58,000 % 20023 | 36,500 20 32,000 ETY
Di;; Sﬁ? HokE9 | (6) (6) | (6) - e 1200 | (7)| 10,700 B2 5,00 0.2 |203-g08 | 0,000 i 3,000 5
For mtockd wm| e [ @ e === | =] 1,000 | 43,500 68,025 1 |men | a3,000 2o 36,000  J
o stook 10 ms3 ©) e | 5 - - w00 | (7] 117,000 %, 500 67,750 %% o218 | k7,000 15 57,000 b}
Par stock® moveg | (9) | (9) | () w0 | 20 2200 | 1 |amh,e00 | 100,80 105,000 oh 31335 | 75,000 2 37,500 3
Bre wtook? mov | ;oo |1 | Ve e s 200 | 1 [10e000 | 25,500 k2,950 53 [186-a8p | k2,000 12 35,000 10
Par wtocd aom3| eo0 e | wa -—— — 1200 1 | 108,250 3,000 48,000 5% . 19k &3,000 12 37,500 8
Par shookS mom | mo0 |1 | wa oo | 1200 1 |aen000 | 68,300 91,500 3 2% 55,000 1 46,000 3
Dar wtockB aopal 200 |2 | wa 1200 | 10 1200 1 | 128,360 63,000 93,100 33 - k9,000 10 45,000 b
Bor tock L M3 | a0 | 1 | A0, 1200 2,35 1200 1 |168,10 53,000 113,750 o o 62,000 5 30,000 3
caA diac'2 xes fo@az) | (23) ] (13) -— —— 1200 b |207,400 ho,300 58,300 3 eov215 | 33,500 » 30,000 18
Togoarhcn ¥-133 aamk | (13) | (13)] (13) ) 200 | o (w80 | 8,70 ™,650 ¥ |euem | 00 12 he, 000 10
151!{“”: grtour Bhas | o) |43 a3 1200 (16) 1200 | (7)|10e,780 | 76,400 92,900 ® |ee6r | k500 1B 3%,000 10
{s]
1300
15!!2: Somtoar woso | amw |2 {wag, 1850 (16) 10 | 133,700 81,000 100,100 20 p6o-£99 | hb,000 2 3,000 3
“‘Hm oomtomr | EAGBA 1 (13) [{(B)| (W) | wm | (6 | w0 | (n|wmem | @50 95,500 18 |ews-est | h9,000 0 #,000 Y
Lyrerage for radial speolmms o diecw. Smot-rolled. .HE
Q. Watsrquenihed, 1pata furnished by the Tniversal-Oyolops
31.3. air-cooled, u Btsel Carporatiom,
'llh hummer hlovs. Bes reference §,
i 2@ basmar blovs. Lipse reference 2
‘55.0 roforensa 1, Ligot—roraed,
2od, ta 16W0° ¥, . Wigay vafarence 3
Tﬂlhofltnununfmhm. mﬂurm"moll
L —

‘Bmu.im deba from the Taiversity of Mlshigem,
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14
@ (2
285 285
/ g 2%9 5 2?2 ngg S \
(o] (*] (=]
255 241 10 j\
/( 3 I 262 ooy | 285 2% 248 062 262 253(::)
2 28 2ds 1, \
o 7 Q 262 %ﬁ
3 (*] 0255 23s 262 258 248¢G 2%8 [2 v}
255 8 o
229 o
2 o
4 %8 0229 225 o o & 24| 269 I3 245‘@]
““*--_§‘,235 a 2g9
197
0.505-in, bers pulled at room temperature
0.0002~percent=
offset yield Tensile | g1ongation | Reduction
Bar strength strength | = (percent) | ,0f area .
(psi (psi) (percent)
1 73,500 118,500 28 48 58
2 71625 119,000 27
E 72,000 119,000 20.5 E
E 7875 121,500 27.5 7.b4
5 64,875 96,000 2.5 11.89
6 63,000 103,500 16.5 24,76
7 3,500 122,000 12.5 13.38
8 5,250 104 ,000 12,26
9 61,500 . 104’000 G#nx hg .27
10 73,500 116,500 25
11 70,875 116000 27.5 36. 9
12 68’625 117,500 27.5 ﬁg.lg
13 76,500 121,500 25 .32
p-1 76,500 123,500 21.5 25,10
T-2 73,500 118,000 29 Lo,
T-3 72,000 118,000 30.5 k1,57
0.250-1in, bars pulled at room temperature
14 58,212 92,400 S %% 10,81
15 59,700 100,000 13 18.97
16 57,600 81,600 7 18 16 NACA,

***Broke near measured section.
Figure 1.~ Data from General Electric Company on disc EXC44 of 19-9DL alloy.



NACA TN No. 1532

[ o207 '3’14201: }|
L

23

15
16
ﬂ? 299 287 1P0 5 282 229 o2
[;‘:’2 27 | 287 of7 287 287 g 287 223 227 10 % 2?2\
207 297 2 ‘2(1)7 217 27 229 5 27 2j7 22 Il 207 207
3 8 12 |
207 2)7 4 223 2g7 - — 2g7 27 (3 217 2177
2g7 202 187 Q 202 2q7 2
[o] [o] o -
217 183 207
\/
0.505-in,. bars pulled at room temperature
0.0002=-percent- .
offset yleld Tensile | piongation |Reduction
Bar strength strength (percent) of area
(psi (psi) (percent)
1 48,000 100,000 35 §3,38
2 lLE, 750 100,500 33 36 62
13; 4%’ 250 100,500 36 .32
47,625 104,500 36.5 50.29
5 7,500 79,500 9 10.40
6 2,000 78,000 5.5 12.26
g ﬁQ,525 103,500 22.5 25,7
,125 89,000 11 13.7
9 E ,250 83,000 12 16.66
10 8,000 101,000 32.5 k3,38
11 15,000 101,500 3 43,38
12 k3,500 101,000 36 43,97
13 16,125 104,000 38 50.29
0.250-in. bers pulled at room temperature
1% 43 k26 gg, 00 14X 13.06
15 41,270 ,800 1k 16.73
16 39,812 89,800 18 19.59 VW 2

*Broke outside measured section.

Figure 2.- Data from General Electric Company on disc EXC486 of 18-9DL alloy.
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Figure 3.~ Diagram showing location of test coupons in quarter
sections .of contour discs EXC44 and EXC46 of 19-9DL alloy.
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Figure 4,- Hardness survey on a half sectlon of contour disc EX(C44 of 19-9DL alloy. Brinell hardness;

disc secton 8.
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Figure 5.- Hardness survey on a half section of contour disc EXC46 or 19-9DI alloy. Brinell hardness;
disc section 8.
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Stress, psl

Stress, psl

70 000 T
80,000 — N Disc RXC44
50,000 —
U
40,000
-'_-.‘-
30,000 Loocation of specimen in disc
O (Center radial specimen near rim )
20 000 e Surface radial specimen near rim
[ A& Center tangential specimen near rim
: X Surface tangential specimen near rim
O Center radial speclmen near center
10.000 L | 1 L]
»
2 4 6 8 2 4 6 8 2 4
10 100 Rupture time, hr 1000
70 0C T
60,000 Disc EXC46
50,000
40 QOO === o x o
20,000 — ===
20,000
10,000 '
10 2 4 8 8 100 2 4 8 81000 2 4
Rupture time, hr G

Figurs 6.- Curves of stress against rupture time at 12000 for contour discs of
19-9D1, alloy.
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_ Stress, pst

50,000 1_"1.%\\3.5% elongaﬂoz l l l ° Rupture t:;st d'ata
NS 28] Stretisruptize | © Creep test data
— ' FK ] tine ¥{ Extrapolated from
[t L 0.5% creep data
B A 3
40,000 . I % | vransition: Start of |
s ‘ﬁhL\i‘“*']‘-—- ’ = \\"\tj_ri—stage creep
ﬁr\\r\ “'*v-J:r:I_% l
"-~-.~_r I 1% elongation
? T~ 0.2%
\'\N L
‘ﬁ -
\‘NPN —
20,0000 B S
0000~ L 1
T+
T 0.1%
10,000 7 46 8 2 L 6 8 2 £ 6 8 2 476
1 10 100 1000

Time, hr

Figure 7.- Curves of stress against time for total deformation at 1200° F for contour disc EXC44 of 19-9LK,
alloy. (Treatment: Forged; solution-treated; hot-cold-worked at 1250° F; stress-relieved.)
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Stress, psi

50,000 : ' HEREAR
® Rupture test data
O Creep test data
Y{ Extrapolated from
. creep data
25% elongation
‘ — 23% /Stress-ruptlllre |
——— — ¥ 1% a~ ---5:"':?\ 14% elongation
—— — X ~
' 0.5, A T
30,0000 T I i X =
T ——| 0.9 Transition: Startof -~
\‘M-_._f_ third-stage creep
_J\__ﬁ__\_‘-
— 0.1% T
—— . -\-.
20,000 N e Ne =
10,000
' 1 2 4 8 8 10 2 4 68 8 100 2 4 6 81000 2
Time, hr W

Flgure 8.~ Curves of stress against time for total deformation at 1200° F for contour disc EXC46
of 19—9DIj. alloy. (Treatment: Forged; solution-treated: hot-cold-worked at 1650° F; stress-
relieved
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Stress, psi

100,000
90,000
80,000
'?O Q00
60 000
50,000 m——
. 40,000 EXC44 {— JT» —
T TT] i
30,000 /UM/ M‘-—X’ﬂ I I !
/O/ x| Disc ) Treatment
90,000 x// [ O EXC44 Forged; solution-treated; hot-cold- _|
’ worked at 1250° 7 stress-releved
X EXC46 Forged; solution-treated; hot~cold-
worked at 16850° F; stress-relieved
(—> means test entered third-stage creep )
10,000 I AR N | )
.00001 .00005 .0001 .0005 .001 .005
Creep rate, percent/hr W

Figure 9,- Curves of stress against creep rate at 1200° F for contour dises of 19-9DL alloy. All data at

stresses above 30,000 psi from rupture tests.
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NACA TN No. 1532

_ 100X 1000X
(2) Radial section near rim of disc in Y-plane.

(b) Radial section near center of disc in Y-plane.

Figure 10.- Original microstructure of contour disc EXC44 of
19-9D1L alloy.

1000X

31






NACA TN No. 1532 33

(2) Creep specimen 1Z; 1129 hours under 30,000 psi.

ST R RTIR

SUDYE

~ A - .-r., A - .;;..
e O e _ ) AR IRY ARG
Fracture - 100X Interior - 1000X ~NACGA

(b) Rupture specimen 4Y; 1864 hours for rupture under 36,000 psi.

Figure 11,- Microstructures of completed 1200° F creep- and
rupture-test specimens from contour disc EXC44 of 19-9DL
alloy. _
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-plane.

100X
() Radial section near rimof discinY

1000X

(b) Radial section near center of disc in Y-plane.

100X

Original microstructure of contour disc EXC46 of

Figure 12.-

19-9DL alloy.






NACA TN No. 1532

37

e
.l

st e

Y e
7

G
5%

..1‘

s
A}
—

: 100X 1000X
(a) Creep specimen 17Z; 1124 hours under 30,000 psi.

i~ - g T
R e

v - T 0 T

X LT - it
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Fracture - 100X . Interior - 1000X _ i

(b) Rupture specimen 1Y; 820 hours for rupture under 32,500 psi.

Figure 13.- Microstructures of completed 1200° F creep- and

rupture-test specimens from contour disc EXC46 of 19-9DL
alloy.



